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AB A proton conducting fuel cell includes an electrolyte having a proton 
conducting ceramic electrolyte and a two-phase diffusion membrane 
electrode contacting the electrolyte, where the electrode is substantially 
non-porous and permeable to hydrogen. Also, a method of generating mol . 
hydrogen from a proton conducting fuel cell having a pos . and neg. 
electrode in contact with a proton conducting ceramic electrolyte, 
including selectively extracting pure hydrogen from a hydrogen gas mixture, and 
electrolyzing water vapor at a pos. electrode of the fuel cell to form 
mol. oxygen and hydrogen ions, and reducing the hydrogen ions at a neg. 
electrode of the fuel cell to form mol. hydrogen. 
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AB A high temperature electrochem. system, such as a solid oxide 
fuel cell system, generates hydrogen and optionally 
electricity in a fuel cell mode. At least a part of the generated 
hydrogen is separated and stored or provided to a hydrogen using device, 
solid oxide regenerative fuel cell 

system stores carbon dioxide in a fuel cell mode. The system generates 

methane fuel in an electrolysis mode from the stored carbon 

dioxide and water by using a Sabatier subsystem. Alternatively, the 

system generates a hydrogen fuel in an electrolysis mode from 

water alone. 
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AB A solid oxide regenerative fuel cell 

system is used to supply power in a fuel cell mode and to generate 
metabolic oxygen and a hydrocarbon fuel reserve in an electrolysis 
mode. The system may also be used as a secondary power source or for 
energy peak shaving applications. 
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AB A solid oxide regenerative fuel cell 

system is used to supply power in a fuel cell mode and to generate a 
hydrocarbon fuel in an electrolysis mode. The system includes a 
solid oxide regenerative fuel cell 

and a reactor adapted to convert an exhaust emitted from the solid 
oxide regenerative fuel cell to a hydrocarbon 
gas when the solid oxide regenerative fuel 
cell operates in an electrolysis mode. 
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A solid oxide regenerative fuel cell 
system stores waste heat from the fuel cell in a heat storage material 
during the discharge mode. The heat is then used to heat water to be 
electrolyzed during the charge mode. 
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The present invention relates to high oxygen ion conduct ing/oxygen storage 
(OIC/OS) capacity materials, a catalyst employing the OIC/OS materials, 
and a method for converting hydrocarbons, carbon 
monoxide and nitrogen oxides using the catalyst. The OIC/OS 
materials have stable cubic crystalline structures such that after aging for 
greater than about 36 h at temps, up to about 1,200 °C, greater 
than about 60-95% of the cerium present is reducible. These materials 
comprise up to about 95 mol percent (mol %) zirconium, up to about 50 mol 
% cerium, up to about 20 mol % of a stabilizer such as yttrium, rare earth 
elements, and the like; and about 0.01 to about 25 mol % of a base metal 
selected from the group consisting of iron, copper, cobalt, nickel, 
silver, manganese, bismuth and mixts, comprising at least one of the 
foregoing metals. Due to the enhanced phase stability and oxygen ion 
conducting properties of these OIC/OS materials, they can be employed in 
numerous applications, including: in solid oxide 
fuel cells (SOFC) for energy conversion, in electrochem. 
oxygen sensors, in oxygen ion pumps, structural ceramics of high 
toughness, in heating elements, in electrochem. reactors, in steam 



electrolysis cells, in electrochromic materials, in MHD (MHD) 
generators, in hydrogen sensors, in catalysts for methanol decomposition, as 
potential hosts for immobilizing nuclear waste, as oxygen storage 
materials in three-way-conversion (TWC) catalysts, as well as in other 
applications where oxygen storage capacity and/or oxygen ion conductivity are 
factors . 
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The present invention relates to high oxygen ion conducting/oxygen storage 
capacity (OIC/OS) materials, a catalyst employing the OIC/OS materials, 
and a method for converting nitrogen oxides using the catalyst. The 
OIC/OS materials have stable cubic crystalline structures under oxidizing 
conditions (in air) up to about 1200^ C. and in reducing conditions 
(5% hydrogen) up to about 1000° C. for 24 h. These materials 
comprise up to about 95 mol percent (mole %) zirconium, up to about 50 mol 
% cerium and up to about 10 mol % yttrium, and optionally up to about 15 
mol % of Y plus another rare earth or alkaline earth metal. Due to the 
enhanced phase stability and oxygen ion conducting properties of these 
OIC/OS materials, it can be employed in numerous applications, including: 
in solid oxide fuel cells (SOFC) 

for energy conversion, in electrochem. oxygen sensors, in oxygen ion 
pumps, structural ceramics of high toughness, in heating elements, in 
electrochem. reactors, in steam electrolysis cells, in 

electrochromic materials, in MHD (MHD) generators, in hydrogen sensors, in 
catalysts for methanol decomposition, as potential hosts for immobilizing 
nuclear waste, as oxygen storage materials in three-way- conversion (TWC) 
catalysts, as well as in other applications where oxygen storage capacity 
and/or oxygen ion conductivity are factors. 
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